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BASIC-ABSTRACT: 

ofTfpa ITlllTT^t^ 11 ±S etCh6d Really «ing Plasma with pressure 

of 0.1 Pa or less. The thickness reduction in the thin film to a preset value is 

■ fre e a C ltered" 9 * ^ ^ m0nit0r b " ed » Which " tchi ^ conditions 

for ~a*lTV°l P " Ce " ing . transparent thin film formed on semiconductor substrate 
for gate electrode of semiconductor device e.g. MOS transistor. 

e^cMnfend iTut^f mi " 0t f enCh and charge-up damage of oxide film generated near 

0 C end Point of polysilicon. Reduces shape difference and coarseness 

appearance difference of wafer. 

DESCRIPTION OF DRAWING(.S) - The figure shows etching apparatus. 
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(54) FINE WORKING METHOD OF THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize low gas, high bias 
voltage, etc., and reduce in-plane form difference and 
the like, by monitoring the residual film thickness of 
polysilicon, and performing changeover to a high 
selective etching condition just before a gate oxide film 
is exposed, when a polysilicon film is etched as far as 
the midway of film formation with a specified low gas 
pressure. 

SOLUTION: A quartz window 110 is installed in a 
conversion waveguide 109 for introducing microwave 
into a circular waveguide 108. An optical fiber 102 for 
white light irradiation and an optical fiber 103 for taking 
in a plasma light reflected by a wafer surface are 
installed in the window 1 10. The light taken in the optical 
fiber 102 is spectrally analyzed by a spectroscope 104, 
and converted to an electric signal by using a 
photoelectric multiplier tube 105. A waveform analyzer 
106 calculates an etching film thickness. The polysilicon 
film is etched as far as the midway of the film formation, 

with a low gas pressure of a most 0.1 Pa. The residual film thickness of polysilicon is monitored 
by using a light interference type real time film thickness monitor. Just before a gate oxide film 
is exposed, changeover to a high selective etching condition is performed. 
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CLAIMS 



[Claim(s)] " 
[Claim 1] The micro-processing approach of the thin film characterized by detecting that the 
transparence thin films of said sample decreased in number to predetermined thickness by the real-time 
thickness monitor in the process which etches the sample which has a transparent thin film optically 
using the plasma with a pressure of 0. lPa or less, answering the detection concerned, and changing 
etching conditions. > 5 5 

[Claim 2] The micro-processing approach of the thin film according to claim 1 characterized by raising 
monkor SSUre t0 " ^ predetermined thickness detection by the real-time thickness 

[Claim 3] The micro-processing approach of the thin film according to claim 1 characterized by 
switching reactant gas to the mixed gas of a bromine and oxygen after the predetermined thickness 
detection by the real -time thickness monitor. 

[Claim 4] The micro-processing approach of the thin film according to claim 1 characterized by 
towering rf power impressed to a substrate after the predetermined thickness detection by the real-time 
thickness monitor to less than [ 30W ]. 

m'Z O^^^^^T^ ° fthe thin fllm aCC ° rdin§ t0 daim 1 cha ™**ized by carrying 
detain h I ™ d + ulatl ° u n ° f the rf P° wer lm P fessed to a substrate after the predetermined thickness 
detection by the real-time thickness monitor at 20% or less of duty ratios 

The f llc '; o -P roc f sifl g approach ^ a thin film according to claim 1 that etching condition 
modification after the predetermined thickness detection by the real-time thickness monitor is 
characterized by combining two or more these, including at least one or more requirements to claims 2- 

[Claim 7] A real-time thickness monitor is the micro-processing approach of the thin film according to 
fihTJh^ P0SSe ? S l u Q ls ' ^ fi L ber which Elates the white light of a sample, the 2nd optical 

ou tZ ttr^f S ? ^/r^ hght fr0m the Samp,e COnCemed > the spectroscope which carries 
out the spec rum of the reflected light incorporated with the 2nd optical fiber concerned and the 
pho omultipher tube which changes into an electrical signal the reflected light concerned which carried 
out the spectrum, and changes. 

driTl whth eaI " time S the micr °-P rocessin g approach of the thin film according to 

tZ?l7!Z P0SSeS f S ^ ls i°P tlc ^. flber which irr adiates the white light of a sample, the 2nd optical 
Sle^H n ^ COrP ° rateS ^ e re ? e ? ed h J ght fr0m the Sample COncerned ' ^ n g ht Alter which filters me 
c^n^ h ?F.; n T°f 6d , W : th u he 2nd ° Ptical flb6r COnCerned ' ™* * e Photomultiplier tube which 
changes the filtered reflected light concerned into an electrical signal, and changes 
[Claim 9] The wavelength of the light used for the etching thickness measurement of polish recon is the 
micro-processing approach of the thin film characterized by being 290 to 360 nm. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

pr^sefy 011 " 16111 ^ ^ tnmslated by com P uter - So the translation may not reflect the original 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



Srt SfZ^^H 8 in r ti0n relat ? t0 thC micro -P roces sing approach of a light transmission 
nature thin film established on the semi-conductor substrate 
[0002] 

description of the Prior Art] The optical interference type thickness monitor is indicated by 242 pages 
(Proceedings of Symposium on Dry Process, November 12-14, Tokyo (1997) p 235-242) from 235 
pages of the 19th dry-process symposium. K h P } 35 

in T ° rder t0 ^ 86 th ! Unif ° rmity Within a wafer side ' meth °d of using a focal 
ring is indicated by Japanese Patent Application No. 6-033645 
[0004] 

t0 be S ? 1V6d by th ! InVenti ° n] Fr ° m the requeSt of the densification and improvement in the 
speed of a large-scale integrated circuit (LSI), the gate electrode of an MOS (metal-oxide- 

oxe^Tl TfT- iS u ed ^ ed t0 the Hne breadth ° f 02 ^meters or less in the future, and the 
fzed ZmlOoZ^T t0 1 nm or ««■ A silicon wafer is diameter[ of macrostomia ]- 

SvJ Z^l? a 300mm at coincidence for manufacture cost reduction. Therefore, it is necessary to 
solve the problem described below in the dry etching of a gate electrode 

nrn^^ 18 ' " M ° ^transistor, in order to ^ange an operating characteristic, it is indispensable to 
process the dimension (CD;cntical dimension) of agate electrode base in the precision of **0 02 
ZnZTT H ° WeVer ' a ? ifference ™™ in a measurement with the location within a field or a 
a COn f tenCy , These are called configuration difference within a field, and an of 

Tpectively 11 " Ctl ° n ^ ^ ^ ^ MureS ° f micr ° P rocess i n g> 

E ' W 5 er Side ' When « as concentration and a plasma consistency are uneven, the configuration 
tfZ ' fidd anS6S - That iS ' h is in the inclination for a side-attachment-wall deposit to 

w IV Pattem t0 g uT f ?' in thQ C6nter S6Cti0n in Which the concentration of a resul t 
ans^th, f r °T e ^T h ^ diai ? 6ter Wafer of macr ^omia, since big concentration distribution 
SEISi t T gUratl ° n dlfference Wlthi n a field becomes more remarkable 

fj V S the P roble , m u that 1116 of-condensation-and-rarefaction form letter rack produced according to 
ar ± th n8 eff6Ct t 0f f the P attern f elf is «■» on the other hand. That is, if pattern spacing becoms 
narrow, the amount of incidence of ion, or a radical and a resultant will fall. Therefore, a pattern doeT 

ZZZ n A ° Ugh " ^ ^ beC ° meS Sl0W ' C0nversel y' * the isolated P a «em or the pattern 
facing an open space, many amounts of incidence of a resultant deposit on a side attachment wall rather 
than a dense pattern, and it is in the inclination for a pattern to grow fat drac mnent waU rather 

[0008] The above mentioned dimorphism letter rack is strongly influenced of gas pressure That is if 
to a horitnnt .TT " ^ ^ C ° llisi ° n of ^ules incLe's, molecul m gr Ln 

Ll °T r f 011 bemg C ° ntr0lled and 4116 gas concentration distribution within a field becoming 
large and collision disperse may become frequent and the amount of re-incidence of a resultaTrTay 
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increase, it turns out that the side-attachment-wall alimentation to the non-dense section becomes very 
large. 3 
[0009] | With the conventional etching technique, the ununiformity of gas concentration distribution was 
offset by adjusting the field internal division cloth of a plasma consistency. However, by this approach 
the range of the etching conditions suitable for practical use became narrow, and caused process ' 
instability. For this reason, a wafer is surrounded with a ring-like obstruction (focal ring) and the 
approach of making concentration of a resultant homogeneity is used by stagnating gas in it However it 
is most effective for there to be almost no effective cure means about an of-condensation-and-rarefaction 
form letter rack, and to lower gas pressure at present. 

[0010] Although a form letter rack can be reduced if gas pressure is lowered to 0. lPa or less such low 
voltage force conditions are not liked in the mass production of a semiconductor device The reason is 
that there are evils, like that an etch rate falls and a wafer throughput falls, that the selection ratio to gate 
mn n u' abnormalities in a configuration and charge-up damage by electronic shading occur 

[001 1] These problems are also solvable by choosing etching conditions according to an individual 
1° a**Z VOlta8e ' bmS V ° ltage im P ressed t0 a substrate is made high, and polish recon can be 
etched at * and the high speed which increase a quantity of gas flow. However as long as the 
conventional etching terminal point judging technique is used, etching of low-pressure in near a terminal 
point and high bias fails. That is, it is because each approach of carrying out the monitor of plasma 
luminescence or the change of substrate bias voltage is a feedback method, so etching of gate oxide is 
advancing considerably at the time of terminal point detection. Even if it changes etching conditions at 
this time, avoid and twist and there is no damage on an oxide film. Therefore, it is indispensable to 
change into the high etching conditions of a selection ratio, just before gate oxide is exposed 
[0012] The optical interference type thickness monitor (it indicates from 235 pages of the 19th dry- 
process symposium to 242 pages) was devised, and the thickness measurement of the polish recon under 
etching recently became possible. However, there is almost no application to etching control 
[0013] The purpose of this invention realizes low gas pressure and high bias voltage, and high quantity- 
of-gas-flow etching and is to acquire the micro-processing approach of a thin film that the configuration 
[0014] 1106 m 1 ^ of " condensation - and - rarefaction form le tter rack can be reduced. 

[Means for Solving the Problem] In order to attain the above-mentioned purpose in this invention it 
etches to the middle of the polish recon film by the low-gas-pressure force 0. lPa'or less in a gate ' 
electrode processing process. Just before it supervises the residual film thickness of polish recon by the 
optical interference type real-time thickness monitor and gate oxide is exposed during this etching (less 
than remaining 300nm), it changes to high selective etching conditions 
[0015] 

[Embodiment of the Invention] The outline of an etching system which shows one example of this 
invention in drawing 1 is shown. 

[0016] The quartz aperture 1 10 is formed in the conversion waveguide 109 for introducing microwave 
into a circular waveguide 108 from rectangle ****** 107, and the optical fiber 103 for incorporating the 
plasma light reflected on the optical fiber 102 and wafer front face for irradiating the white light at lis 
aperture 1 10 is installed. 101 is the white light light source and supplies the white light to an optical 
tiber 102 The spectrum of the incorporated light is carried out with a spectroscope 104 it is changed 
into an electrical signal using a photomultiplier tube 105, and computes etching thickness with 
waveform analysis equipment 106. This spectroscope 104 may be a light filter. Like polish recon 
optically, with a transparent thin film, since the light reflected on the thin film top face and the light 
reflected on the thin film inferior surface of tongue interfere, corresponding to the thickness reduction by 
etching, reflectivity changes periodically. Therefore, when the refractive index of a thin film is known 
etching thickness can be calculated from the amount of phase changes. Even when the transparent ' 
SS!?? T mas i 0f another kind exists on this thin fllm > measurement of thickness change is possible 
[0017] In addition, as for the magnetron whose 1 16 is the source of supply of microwave and 1 15 in 
drawing 1, anisolator and 1 14 are tuners. 1 12 is a reaction container and it is the solenoid in which 1 1 1 
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forms a quartz aperture in the reaction container 1 12, and 1 13 forms a magnetic field. The electrode with 
which 1 17 carries a wafer 120, rf power source with which 1 19 supplies bias power to an electrode 117 
and 1 1 8 are matching boxes which adjust the power supplied to an electrode 117 
[0018] An example of the light reflex change on the strength at the time of using an organic resist for 
drawing 2 and performing gate processing of an MOS transistor is shown. This is the result of taking out 
the reflected light with a wavelength of 320nm with a spectroscope 104, and carrying out the monitor of 
the change on the strength. According to this, corresponding to the refractive index (n= 5 2) of polish 
recon being small a figure single [ about ], the direction of the reflected light from polish recon is 
changing to the refractive index (n= 1.5) of a resist the period shorter about 3.5 times than the reflected 
light from an organic resist. 

[0019] Even if it uses a silicon nitride film and the silicon oxide film as a processing mask, since it is the 
same thickness can be measured on real time. Hereafter, this thickness measurement machine is called 
an optical interference type real-time thickness monitor. 

[0020] In order to perform advanced multi-step etching made into the purpose, it is required to combine 
low voltage etching and an optical interference type real-time thickness monitor. If it etches with low 
voltage, the etching speed difference of the inside of a field / roughness and fineness will be lost Since 
etching advances to homogeneity in a wafer side, etching thickness can measure correctly by the optical 
interference type real-time thickness monitor. For this reason, it becomes possible to switch etching 
conditions with sufficient timing, and low voltage etching can also prevent damage on gate oxide That 
is, the capacity of an optical interference type real-time thickness monitor can be enough pulled out by 
combining with low voltage etching. r 
[0021] The example of etching by this invention is explained 

[0022] (Example 1) The cross-section structure of an etching sample is shown in drawing 3 As for this 
the laminating of the silicon nitride film 304 of 303,200nm of n+ doped polysilicon film of 302 200nm' 
ot 3nm oxide films is earned out in this sequence on the silicon wafer 301 with a diameter of 300mm 
Ihe silicon nitride film 304 is processed with the resist mask, and minimum line width is 0 13 
micrometers. 

[0023] Four kinds of multi-step etching approaches are shown in Table 1. Each differs in the gas 
pressure at the time of etching of the polish recon film 303 (0. lPa, 0.4Pa), and the combination of the 
terminal point detection approach (an optical interference type real-time thickness monitor plasma 
luminescence monitor). Each etching conditions were beforehand set that rf power and the quantity of 
gas flow which are impressed to a substrate are adjusted, and the processing time becomes the same 
The superiority or inferiority of an all directions method were compared under this premise Time 
amount change of each monitor signal and thickness was shown in drawing 4. Moreover CD shift 
amount of the isolated pattern in a wafer center section and a periphery and a dense pattern and the 
fo024] 6X1StenCe a miCr ° trench ( detailed hole ) were shown in Table 2. 
[Table 1] 
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[0026] the case where a plasma luminescence monitor is used - the time amount secondary of 
uminescence reinforcement (wavelength of 391nm) - it switched to over etching conditions (step 3) in 
the place where difference became zero. In order that a plasma luminescence monitor may detect the 
time of day when etching of the polish recon film 303 was completed at, and the silicon concentration in 
Z> n (f en ° Ug T n 11 Ch f? geS conditions here > a Part of gate oxide 302 is already exposed to 
Ae plasma (drawing 4 a, drawing 4 b). By etching with a gas pressure of O.lPa, the selection ratio was 
insufficient and the micro trench was generated in the substrate 301 (table 2a). On the other hand in the 
case of 0.4Pa gas pressure, in addition to the micro trench having been generated, there are no less than 
0.029 micrometers (=[wafer center-section isolated pattern width of face]- [wafer periphery dense 
pattern width of face]) of upper limit differences in a wafer, and the configuration difference within a 
™?™ the of-condensation-and-rarefaction form letter rack are over desired value (front 2b) 
[0027] Next, the etching result at the time of optical interference type real-time thickness monitor use is 
described In this example the monitor of the light with a wavelength of 300nm was carried out so that 
wavelength is short - thickness - resolution goes up. However, since the wavelength region where the 
refractive index of polish recon is stable is 290 to 360 nm, it is desirable to choose the wlvelength of 
tins range. Here the monitor was carried out with 3 lOnm light. Since the refractive index of polish recon 
s 5.2, the wavelength in polish recon is 60nm. Therefore, it has the precision which the residual film 
thickness of 30nm can detect enough. Even when etching with the gas pressure of 0. lPa, chlorine (C12) / 
the oxygen (02) total quantity of gas flow was increased to 120 ml/min, and practical use rate 300 
nm/min was obtained by having raised rf power to 160W. Since it changed to over etching conditions (a 
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hydrogen bromide (HBr) / 02, the gas pressure of lPa, rf power 20W) when polish recon residual film 
thickness decreased to 30nm (drawing 4 c), the micro trench was not generated although oxide film 
thickness was 3nm (table 2c). Since rf power was lowered before the polish recon layer 303 disappeared 
a charge-up damage was not generated, either. Therefore, the upper limit difference in a wafer was able ' 
to be controlled to 0.003 micrometers (table 2c). 

[0028] On the other hand, the upper limit difference at the time of etching step 2 with the gas pressure of 

0 4Pa was as large as 0.015 micrometers. It reached to 9% (drawing 4 d), measurement of the residual 
him thickness by the optical interference type real-time thickness monitor became incorrectness and the 
tables/ Senerat6d the etching Speed difference b y micro fading in the wafer periphery (2d of 
[0029] He can understand that the approach of etching with the gas pressure of 0.1 Pa and switching 
etching conditions from the above examination using an optical interference type real-time thickness 
monitor is most excellent. 

[0030] (Example 2) The cross-section structure of an etching sample is shown in drawing 5 The 
laminating of the silicon nitride film 506 of 505 or 200nm of tungsten film of 504 or 150nm of nitridine 
tungsten film of 503 or 5nm of n+ doped polysilicon film of 502 or 70nm of 3nm oxide films is carried 
out to this order on the silicon wafer 501 with a diameter of 300mm. The silicon nitride film 506 is 
processed with the resist mask, and minimum line width is 0. 18 micrometers. 

[003 1] When it etched by 0.4Pa, since radical reaction was still active, it became a problem that etching 

01 the tungsten film 505 does not advance to homogeneity and that etching of the polish recon film 503 
also becomes a high speed on the conditions from which etching of the tungsten film 505 becomes a 
high speed and selection-ratio reservation with an oxide film 502 becomes difficult. These problems 
were solved as follows. 

[0032] The upper tungsten film 505 was etched by the gas pressure of 0.08Pa, and rf power 160W usine 
reactant gas C12 (30 ml/min)/02 (10 ml/min). Although the selection ratio of polish recon / tungsten is 
not securable too in this case, there is the advantage in which etching of the tungsten film 505 advances 
to homogeneity. Although thickness change of the tungsten film 505 is not known in an optical 
interference type real-time thickness monitor, since the reflection factor of a wafer changes a lot 
?nT^ P 0 !? detectlon is P° ssible enou S h at the etching terminal point of the nitriding tungsten film 
504. Then rf power was lowered to 100W by making this signal into a trigger, the polish recon film 503 
was etched when it became the residual film thickness of 20nm, reactant gas was switched to HBr (150 
ml/min)/02 (3 ml/min), the pressure was further raised to 1.2Pa, rf power was lowered to 30W and 50% 
of over etching was performed to the etching time of until. Since rf power was lowered in the place 
where etching of the polish recon film 503 started, the etch rate of the polish recon film 503 fell Even 
when the initial thickness of the polish recon film 503 was as thin as 70nm, the change with the residual 
film thickness of 20nm was attained. Moreover, generating of a micro trench was able to be prevented 
by having used HBr/02 high gas of selectivity at the time of over etching. CD is 0 18**0 006 
micrometers and realized high precision processing. As shown in this example, the capacity of an optical 
interference type real-time thickness monitor was able to be enough pulled out by combining with low- 
gas-pressure force etching. ~ & 
[0033] (Example 3) In the sample of drawing 5, the upper tungsten film 505 was etched by the gas 
pressure of 0.08Pa, and rf power 160W using C12 (30 ml/min)/02 (10 ml/min). As it observes by the 
optical interference type real-time thickness monitor, switch reactant gas to C12 (72 ml/min)/02 (8 
ml/mm), a pressure was raised to 0.4Pa, and rf power was lowered to 60W, when the reflection factor of 
a wafer changes a lot, and shown in drawing 6, the ON-OFF modulation of the rf power was carried out 
and polish recon was etched. The period of 1kHz of ON-OFF and the duty ratio of ON time amount ' 
nx!^ ln J to 1 30% Furthermore, when the residual film thickness of polish recon was set to 20nm the 
°N-OFF modulation ° f rf p0wer was P erformed at 15% of duty ratios of the ON-OFF period of 1kHz 
and ON time amount, and 100% of over etching was added to old etching time. The selection ratio of ' 
polish recon / oxide film was able to become high by performing an ON-OFF modulation and 
generating of a micro trench was able to be prevented. Furthermore, when adding examination and 
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making the duty ratio 20% or less in this ON-OFF modulation, the selection ratio of polish recon / oxide 
him exceeded 100, and showed clearly that it is effective for micro trench prevention 
[0034] ■ F 

[Effect of the Invention] According to this invention, except for the evil at the time of carrying out low 
voltage etching of 0. lPa or less, process tolerance is sharply improvable by using an optical interference 
type real-time thickness monitor for gate processing of an MOS transistor so that clearly from the above 
explanation. That is, the micro trench and charge-up damage of the oxide film generated near the etching 
terminal point of polish recon can be prevented, and a wafer with a diameter of 300mm can also reduce 
the form letter rack within a field, and an of-condensation-and-rarefaction form letter rack to 0 01 
micrometers or less as effectiveness of low voltage etching. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the micro-processing approach of a light transmission 
nature thin film established on the semi-conductor substrate. 



[Translation done.] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The optical interference type thickness monitor is indicated by 242 page; 
(Proceedings of Symposium on Dry Process, November 12-14, Tokyo (1997), p.235-242) from 235 
pages of the 19th dry-process symposium. 

[0003] Moreover, in order to raise the etch uniformity within a wafer side, the method of using a focal 
ring is indicated by Japanese Patent Application No. 6-033645. 



[Translation done] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, except for the evil at the time of carrying out low 
voltage etching of 0. lPa or less, process tolerance is sharply improvable by using an optical interference 
type real-time thickness monitor for gate processing of an MOS transistor so that clearly from the above 
explanation. That is, the micro trench and charge-up damage of the oxide film generated near the etching 
terminal point of polish recon can be prevented, and a wafer with a diameter of 300mm can also reduce 
the form letter rack within a field, and an of-condensation-and-rarefaction form letter rack to 0.01 
micrometers or less as effectiveness of low voltage etching. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

prldsefy 0 ^ *" by C ° mpUter ' S ° the ^ not «** the original 

2. * * * * shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



™ nrll a K° Ve men u 10 ? ed dimor P hism letter ^ck is strongly influenced of gas pressure That is if 
mcrease, ,. out that the side-anaohtnent-wati alimentation ,o the nolI^tb'oSv^ 
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oxLeZ 17* ' K 1 ?v CtCh ^ f f S a W3fer ±r0U ^ ut faUs ' 11131 ^ election ratio to gate 
TOO? 11 Th^t^ 0mia S ? V: on / lguration and chaf g e ""P damage by electronic shading occur. 
A1 J> P 't als ? solvable ^ choosin 8 et ^«g conditions according to an individual 

£?J?*.« VOl £f u bia u V ° lta | e impreSSed t0 a Substrate is made hi g h > Pol^h recon can be 
etched at and the high speed which increase a quantity of gas flow. However, as long as the 

S^^^S^t P °T- jU K 8ing teChn i qUe iS US6d ' ^ ° f low -P^sure in near a terminal 
ETt 8 2? k ,' S ' u 18 b6CaU8e each approach of canying out the monitor of plasma 
urn nescence or the change of substrate bias voltage is a feedback method, so etching of gate oxide is 

SSS 8 C ° n8lde ^ ly at th f ? me ° f terminal P0int deteCtion - Even if il ch ^s etching 8 conditions at 
Sit ? d h t Tf ." nd the l e 18 n ° damage ° n an 0xide fllm - Theref ^, it is indispensable to 
«SS$T ? f condltlons of a seIection rati <>> just before gate oxide is exposed 

L0012] The optical interference type thickness monitor (it indicates from 235 pages of me 19th drv- 
process symposium to 242 pages) was devised, and the thickness measurement of the polish econ under 

moor Z2 b6C 7 t e P08sible -. Howe - r ' th6re i8 **°* n ° appIication t0 etchin S -ntrd 

S i. a P ^ , mVCntl0n reallZ6S l0W gas pressure md hi g h bias ^Itage, and high quantity- 

S^S?fi3? 1S H° a T re h 6 micr °- p T SSmg appr ° ach ° f a to film tbat the conSal 
ditterence within a field and an of-condensauon-and-rarefaction form letter rack can be reduced 
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MEANS 



^^^^^^^^^^ 

electrode processing process. Just before it supervises the residual film thickness of pol sh refon bv the 

S i ? f f ° {tiK lncor P° rated Ught is carried out with , spectroscope 104 it is chanTed 
mto an electrical signal using a photomultiplier tube 105, and computes fetching ZUnes with 
waveform analyse equipment 106. This spectroscope 104 may be a light fiher Like Dmi h^nn 

[0017] In addition, as for the magnetron whose 1 16 is the source of supply of microwave md U S in 

wmcn i carnes a wafer 1 20, rf power source with which 1 19 supplies bias power to an electrode 1 1 7 
00! 8 An V 1' n8 A 0X ? f iCh „ adjUSt *» "° WCT s "PP«ed to an dectrode 117 ' 
2^™* 0f 1116 refIe * on the strength at the time of using an organic resist for 
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etching advances to homogeneity in a wafer side, etching thickness can measure correctly by the ootical 
nterference type real-time thickness monitor. For this reason, it becomes possible to switch etching 
condmons with sufficient timing and low voltage etching can also prevem damage on^ox de That 
cL^S 

[002 1 ] The example of etching by this invention is explained 

[0022] (Example 1) The cross-section structure of an etching sample is shown in drawing 3 As for this 

on n ~ g fi Cr s i™:rT * lm 304 of 303 ' 2oonm ° f n+ Soped pWSaX' 

or jnm oxide nims is carried out in this sequence on the silicon wafer 301 with a rimm^r nf ™n 

[0023] Four kinds of multi-step etching approaches are shown in Table 1. Each differs in the eas 
pressure at the time of etching of the polish recon film 303 (0. IPa, 0.4Pa), J?i£^S2wtta 
terminal point detection approach (an optical interference type real-time hicknes SfZna 
luminescence monitor). Each etching conditions were beforehand set that rf power and the quS of 
gas flow which are impressed to a substrate are adjusted, and the processing time become Erne 
The superiority or inferiority of an all directions method were compared under thi premise TimT 
amount change of each monitor signal and thickness was shown JdnJ^^^^Zt 
amount of the isolated pattern in a wafer center section and a periphery J U dense plttern Jdt 
generating existence of a micro trench (detailed hole) were shown in Table 2 ? . 

[Table 1] 
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[0025] 
[Table 2] 
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0386 " P & T luminescence m °«itor is used - the time amount secondary of 
t^^^^t (waVeIen ^ h 0f 391nm > " * itched to over etching conditions step 3) in 
the place where difference became zero. In order that a plasma luminescence monitor may detect the 

Plasma fdf" ^ ^pMh 303 W&S COm P leted at > the sihconlc nation in 

tt £ S g > T n lf 11 ChangeS COnditions here ' a P art of g ate °^de 302 is already exposed to 
the plasma (drawing 4 a, drawing 4 b). By etching with a gas pressure of 0 lPa the selection rX was 

case of 0.4Pa gas pressure, in addition to the micro trench having been generated there are no less than 
0.029 micrometers (-[wafer center-section isolated pattern width of face]- [wafer per ipherl dense 
SSjjffrf ^ ° f t UPPer " mit d f erenC6S in a wafer > and the configuraSn SrenTe tS5n a 
ra027?Net ° f - CO f nd h enSat,on : and -5 a form letter rack are over desired value (front 2b) 

described Tn E/SW * *? kteference ^ e monitor use is 

descr bed. In this example, the monitor of the light with a wavelength of 300nm was carried out so that 
wavelength is short - thickness - resolution goes up. However, sZ the wavdeng^ SonXre L 
ftt rll H f P° llsh recon 18 stable 290 to 360 nm, it is desirable to chooseAe XXgS of 
this range. Here the monitor was carried out with 3 lOnm light. Since the refractive index of pS recon 
hiin^c ^ V n eIength "J P° hsh recon is 60 ™- Therefore, it has the precision which the residual film 
th.ckness of 30nm can detect enough. Even when etching with the gas pressure of 0 lPa Sarin (C12) I 
me oxygen (02 totaJ quantity of gas flow was increased to 120 ml/min" and practical rate 300 
nm/min was obtained by having raised rf power to 160W. Since it changed toover a^TonZons (a 



http://www4.ipdl .nci pi .go.j p/cgi-bin/tran_web_cgi_ejj e 



4/13/05 



JP, 1 1-260799, A [MEANS] 



Page 5 of 6 



hydrogen bromide (HBr) / 02 the gas pressure of lPa, rf power 20W) when polish recon residual film 
thickness decreased to Onm (drawing 4 c), the micro trench was not generated although oxide film 
thickness was 3nm (table 2c). Since rf power was lowered before the polish recon layer 303 disappeared 

tnt a ?nn"t UP n Tt a§ n ^ Therefore ' ^ u W er limit difference * a wafer was able ' 

to be controlled to 0.003 micrometers (table 2c). 

[0028] On the other hand the upper limit difference at the time of etching step 2 with the gas pressure of 
fill thTt ^ Z B T 0 015 t micr ° meters ' 11 rea <^d to 9% (drawing 4 d), measurement of the re* dua! 
film m ckness by the optical interference type real-time thickness monitor became incorrectness, and the 
micro trench generated the etching speed difference by micro loading in the wafer periphery (2d of 

[0029] He can understand that the approach of etching with the gas pressure of O.lPa and switching 

mt; s r m " 

[0030] (Example 2) The cross-section structure of an etching sample is shown in drawing 5 The 
laminaung of the si icon nitride film 506 of 505 or 200nm of tungsten film of 504 or 150nm of nitriding 
Uingsten film of 503 or 5nm of n + doped polysilicon film of 502 or 70nm of 3nm oxide films L 3 
out to this order on the silicon wafer 501 with a diameter of 300mm. The silicon nitride film 506* 
processed with the resist mask, and minimum line width is 0. 18 micrometers 

Ei^T M Ch fn< by , ° 4Pa ' Sh ! Ce radicaI feaCtion was stiU active ' ' lt beca ™ * P^blem that etching 
of the tungsten film 505 does not advance to homogeneity and that etching of the polish recon film 503 
a so becomes a high speed on the conditions from which etching of the tungsten film 505 become'a 

^^^^r"™ 110 reservation with ™ ° xide fiim 502 bec ° mes difficuit These p f ° biems 

K ] t ThC r, P o e ^ ng w en 5 ? 5 WaS 6tched by the gas P ressure of 008P ^ and rf power 160W using 
reactant gas C 12 (30 ml/min)/02 (10 ml/min). Although the selection ratio of polish recon / tungln s 

"° ^ bl Tllu lS TZ- ^ iS thC adYantage in Which etchin § of the *mg*n film 505 advles 
to homogeneity. Although thickness change of the tungsten film 505 is not known in an optical 
nterference type real-time thickness monitor, since the reflection factor of a wafer changes a lot 

50? T a L P T ° n i S P ° SSi 5 le en ° Ugh at the etching terminal P° int ° f the striding Lgsten film 
504. Then rf power was lowered to 100W by making this signal into a trigger, the polish recon film 503 

ml/min)/02 (3 ml/mm) the pressure was further raised to 1.2Pa, rf power was lowered to 30W and 50% 
of over etching was performed to the etching time of until. Since rf power was lowered n the plaTe 
wLTthl t 8 ^ he P° llSh f r "I 1 " 503 Started ' the 6tch rate 0f the P° lish recon fi'm 503 fel Even 

hi hit n a 2 ™T , Umn i ■ Moreover > generating of a micro trench was able to be prevented 
by having used HBr/02 high gas of selectivity at the time of over etching CD is 0 18**0 006 
micrometers and realized high precision processing. As shown in this example, the capacity of an optical 

^rS 

t°r^ 3] (E fTniD 3) ^ Sample ° f drawing 5 ' the upper tun « stel fllm 505 was etched by the gas 
pressure of 0.08Pa, and rf power 160W using C12 (30 ml/min)/02 (10 ml/min). As it observes by he 
optical interference type real-time thickness monitor, switch reactant gas to C12 (72 ml/min)/02 f8 
ml/min), a pressure was raised to 0.4Pa, and rf power was lowered to 60W, when the reflection factor of 
a wafer changes a lot, and shown in drawing 6, the ON-OFF modulation of the rf power was carried I ou t 
and polish recon was etched. The period of 1kHz of ON-OFF and the duty ratio of ON time amount 

o7oFF modu, Lot" F ^ hem0re ' ^ r6SldUal fllm thickn6SS ° f P^ ish recon was " " 2 Zm, the 
? ♦ m ° dulatl0n 0f ? P° wer was Performed at 15% of duty ratios of the ON-OFF period of 1kHz 

ooli s ^ e co me / am0 H nt r, and 1 °°l ° f T r etChing WaS added t0 old etchin § time - The -Action ? atio tf 
polish recon / oxide film was able to become high by performing an ON-OFF modulation and 
generating of a micro trench was able to be prevented. Furthermore, when adding examination and 
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making the duty ratio 20% or less in this ON-OFF modulation, the selection ratio of polish recon / oxide 
film exceeded 100, and showed clearly that it is effective for micro trench prevention 

[Translation done.] 
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♦NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

irldsefy 011 " 16111 ^ ^ C ° mpUter S ° the translation ma V n <* reflect the original 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] ~~~~ 
i? raw ! ng ,!j T Tt ! s ? awin § showin g an applying-this invention etching system 

ffimwingJJ It is drawing showing the cross-section structure of the sample used in the examole 
Jguinft4 Itisdrawmg showing time amount change of the monitor ^t±lt^L g ^6 

ffigl} it u tt aWin f Sh ! Win§ - cr °f- SeCti ° n StmCture of ^ sam P le used in th « example. 
£ rawin g. 6 J !t J s the Sanatory view of the on-off modulation of rf power 
[Description of Notations] 

101 - The white light light source, 102,103 - An optical fiber, 104 - A spectroscope or a light filter 

-A^£T^m' A 6 WaVef ° rm 6qUipment ' 107 -"Rect^lar wave^e i08 

A circular waveguide, 109 - A conversion waveguide, 110,111 - Quartz aperture 112 r -Isolator 1 

3"ot S/ °TT nGT ' i U " A S ° len0ld ' 1 14 " A ^ 1 15 1 16 [ - rf POwer source 120 / -- A wafer 
301,501 / -- A silicon substrate, 302,502 / - Gate oxide, ] - A magnetron 1 17 - An e ectrode USA 

film 504 8 Th 1 1 > 3 °H 3 ' 503 [ ~ TungSten fllm - ] The P° lish recon ^HSO^^S^niSe" A 
film, 504 - The nitnding tungsten film, 505 ^uunimoe 
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* NOTICES * 

JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

prIdsefy° CUment ^ ^ tranSlated by C ° mpUter S ° the translation ^ not reflect the 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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